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Effective repair of the infarcted heart requires spatial containment of the inflammatory reaction within the
infarcted area. A recently published study demonstrates that in the pro-inflammatory environment of the
infarct border zone, surviving cardiomyocytes restrain inflammation by activating a Reg3b-dependent
cascade that recruits reparative macrophages and promotes neutrophil clearance.The adult mammalian heart has negligible
regenerative capacity. In patients with
myocardial infarction, sudden death of
up to 1 billion cardiomyocytes results
in replacement of dead cells with a
collagen-based scar (Laflamme and
Murry, 2011). Repair of the infarcted
myocardium is dependent on an inflam-
matory reaction that clears the infarct
from dead cells and matrix debris and
activates fibroblasts that deposit extra-
cellular matrix proteins (Frangogiannis,
2012). Effective tissue repair requires
timely clearance of the inflammatory infil-
trate and spatial containment of the in-
flammatory cascade within the area of
injury. Thus, negative regulation of the in-
flammatory reaction is of critical signifi-
cance for preservation of myocardial
architecture and function following injury.
Overactive or prolonged post-infarction
inflammation results in extension of injury
and promotes adverse remodeling of the
ventricle, leading to the development of
heart failure (Chen et al., 2012). Suppres-
sion, resolution, and containment of
inflammation are active processes that
require the co-operation of several
distinct cell types and the activation of a
wide range of inhibitory molecular signals
(Fullerton et al., 2013). Viable cardiomyo-
cytes in the infarct border zone are
directly exposed to the inflammatory envi-
ronment of the infarct and may form the
‘‘first line of defense,’’ protecting the
non-infarcted myocardium from inflam-
matory injury. In a recently published
study in Nature Medicine, Lo¨rchner and
co-workers demonstrated that surviving
cardiomyocytes in the infarct border
zone are crucial and dynamic regulators
of post-infarction inflammation and repair(Lo¨rchner et al., 2015). Using a combina-
tion of in vivo and in vitro strategies, the
authors found that border zone cardio-
myocytes promote repair by releasing
Reg3b, a small secretory protein that
modulates leukocyte function. Cardio-
myocyte-derived Reg3bmediates recruit-
ment of macrophages that clear the
neutrophil infiltrate and promote matrix
preservation. Genetic disruption of Reg3b
resulted in impaired removal of neutro-
phils from the infarct and accentuated
matrix degradation, increasing suscepti-
bility to cardiac rupture and enhancing
chamber dilation. The findings suggest
for the first time a crucial reparative
role for border-zone cardiomyocytes that
may serve as a barrier, limiting expansion
of inflammation into the non-infarcted
area (Figure 1).
The Phenotypic Plasticity of
Cardiomyocytes in the Infarct
Border Zone
Traditional concepts on the pathophysi-
ology of myocardial infarction view cardi-
omyocytes as passive targets of ischemic
injury. In the infarcted heart, dying cardio-
myocytes release danger signals (such
as high-mobility group box 1 protein
and interleukin-1a) (Lugrin et al., 2015),
triggering an innate immune response,
associated with induction of cytokines,
chemokines, and adhesion molecules.
Subsequent activation of adhesive inter-
actions between endothelial cells and leu-
kocytes causes extravasation of neutro-
phils and pro-inflammatory monocytes in
the infarcted area. It has been suggested
that in the pro-inflammatory environment
of the infarct, viable cardiomyocytes
may undergo ‘‘dedifferentiation,’’ re-ex-Cell Metabolismpressing early cardiac transcription fac-
tors (Szibor et al., 2014); however, the
implications of these changes in cardiac
repair remain unknown. The findings by
Lo¨rchner et al. (2015) suggest that, upon
cytokine stimulation, border-zone cardio-
myocytes acquire an anti-inflammatory
and reparative phenotype, protecting the
viable non-infarcted myocardium from
the consequences of excessive inflam-
mation. Cytokine-mediated release of
Reg3b by cardiomyocytes recruits repar-
ative macrophages that remove infil-
trating neutrophils from the border zone
and restrain the inflammatory reaction,
while activating a matrix-preserving pro-
gram. Oncostatin-M (OSM), a member of
the gp130 family of cytokines, is secreted
by inflammatory leukocytes infiltrating the
infarct and seems to play an essential role
in activation of this protective cardiomyo-
cyte-driven macrophage response. How-
ever, considering the wide range of medi-
ators secreted in the infarct border zone,
an exclusive role for OSM in regulation
of the inflammatory and reparative prop-
erties of cardiomyocytes is unlikely.
Cardiomyocyte-specific responses to
other cytokines and growth factors (such
as transforming growth factor-b) have
been previously implicated in suppression
of secreted cytoprotective mediators
following myocardial infarction (Rainer
et al., 2014).
Do Border-Zone Cardiomyocytes
Drive Unique Macrophage
Phenotypes?
Through their phenotypic plasticity,
macrophages are critically implicated
in orchestration of reparative responses.
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Figure 1. Cytokine-Stimulated Cardiomyocytes in the Infarct
Border Zone Activate Anti-inflammatory and Reparative Cascades
Lo¨rchner et al. (2015) demonstrated that surviving cardiomyocytes (CM) in
the infarct border zone (BZ) respond to stimulation with oncostatin-M
(OSM), released by leukocytes, by secreting Reg3b. Release of Reg3bmedi-
ates recruitment of macrophages (Ma) that may phagocytose apoptotic
neutrophils (N), activating anti-inflammatory and reparative responses (Mo,
monocyte).
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macrophages is replaced by
monocyte-derived cells (Epel-
man et al., 2014), capable
of acquiring distinct pheno-
types depending on their
microenvironment. Border-
zone cardiomyocytes may
secrete mediators that selec-
tively recruit specific sub-
sets of monocytes, or guide
macrophages toward anti-in-
flammatory and reparative
phenotypes. Although Reg3b
appears to have broad effects
on recruitment of both M1
and M2 macrophages in theinfarct, other cardiomyocyte-derived me-
diators may promote distinct phenotypes
driving reparative, fibrogenic, or angio-
genic responses.
Can Border-Zone Cardiomyocytes
Activate a Regenerative Program?
The findings of the study suggest that, in
adult mammals, border-zone cardiomyo-
cytes recruit macrophages that clear the
wound from neutrophils and promote
formation of a supportive scar. Although
these reparative responses are critical to
preserve the architecture and geometry
of the ventricle, they do not result in re-
muscularization of the infarcted region.
In contrast to adult mammals, neonatal
mouse hearts appear to have regenera-
tive potential that requires the presence
of cardiac macrophages (Aurora et al.,
2014). The uniquely polarized macro-
phages that infiltrate the neonatal heart
following injury have a distinct secretory
profile and can stimulate formation
of new myocardial tissue. Are these
‘‘regenerative’’ macrophages recruited798 Cell Metabolism 21, June 2, 2015 ª2015or activated in response to mediators
secreted by neonatal border-zone cardi-
omyocytes? Do the regenerative actions
of these macrophages require a unique
neonatal phenotype of cardiomyo-
cytes that is responsive to proliferative
stimuli? Can we modulate responses of
adult cardiomyocytes to recapitulate
the neonatal regenerative response?
Considering the remarkable plasticity of
the neonatal heart and the complexity
of rebuilding functional cardiac muscle,
neonatal myocardial regeneration may
involve responses in several distinct cell
types.
Conclusions
The study by Lo¨rchner et al. (2015) chal-
lenges the notion that cardiomyocytes
are static cells, destined to suffer the
consequences of the pro-inflammatory
environment in the healing infarct. When
stimulated by cytokines, viable cardio-
myocytes in the infarct border zone
respond by activating anti-inflammatory
and reparative cascades. ExploitingElsevier Inc.the phenotypic plasticity of
border-zone cardiomyocytes
may have therapeutic poten-
tial for patients with myocar-
dial infarction.
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